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Background/Purpose: The purpose of this study was to evaluate the clinical and radiographic outcomes
of primary cementless total hip arthroplasty (THA) with acetabular defect reconstruction using
structural bone grafts.
Methods: Between 2001 and 2012, 10 hips in eight patients with uncontained superolateral acetabular
bone defects were reconstructed with femoral head grafts at the time of primary cementless THA. The
mean age at surgery was 61.7 years. Patients were followed-up for a mean of 5.8 years for evaluation.
Results: With either revision or loosening as endpoints, the survival rate of the structural grafts was
100%. Signiﬁcant improvements in clinical outcomes in terms of the Visual Analogue Scale for Pain (from
9.5 to 3.3, p ¼ 0.005) and Harris Hip Score (from 32.7 to 73.9, p ¼ 0.005) were noted.
Conclusion: Uncontained superolateral acetabular bone defects can be effectively reconstructed with
structural bone grafts during primary THA, with excellent short- to midterm survival rate and signiﬁ-
cantly improved clinical outcomes.
中 文 摘 要
本研究評估非水泥全髖置換手術中，髖臼缺損重建術的臨牀及Ｘ光結果。本院於2001年至2012年間，對8位
病人共10個有上側方節段性缺損的髖臼以股骨頭結構性移植重建。病人手術時的平均年齡為61.7歲，而他們
術後的平均覆診年期為5.8年。以翻修手術或假體鬆脫為基準，移植物的存活率為100%。手術後，病人對痛
楚的視覺模擬評分(Visual Analog Scale for Pain, 9.5分跌至 3.3分, p ¼ 0.005)及哈氏髖關節評分(Harris Hip
Score, 32.7分升至 73.9分, p ¼ 0.005)亦顯著較手術前為佳。總括而言，在非水泥全髖置換手術中，股骨頭結
構性移植重建術能有效地重建上側方節段性缺損的髖臼，從而在短期至中期內達到極佳的移植物存活率及臨
牀結果的顯著改善。Introduction
In total hip arthroplasty (THA), reconstruction of large
acetabular defects often poses a considerable technical challenge
to the surgeon. Inadequate bone coverage leads to potentially
unstable ﬁxation of acetabular components. Various reconstruc-
tion techniques have been reported and are deployed according to
the size and location of the defects. These include implantation ofociationandHongKongCollegeofOrtho
-nc-nd/4.0/).components at a high hip centre,1,2,3 medialisation/protrusio
techniques,4,5 reinforcement ring, jumbo cup, trabecular metal
augmentation, impaction bone graft, and structural bone
grafting.6e15 We have performed structural bone grafting for
reconstruction of acetabular defects since May 2001. Its advan-
tages include anatomical placement of acetabular components,
provision of support for acetabular components implantation, and
reconstitution of bone stock that is beneﬁcial for future revision
surgery.
The current study serves to assess the clinical and radiographic
outcomes of structural bone grafts for acetabular defect
reconstruction.paedic Surgeons. PublishedbyElsevier (Singapore) Pte Ltd. This is anopenaccess article under the
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Patients
From May 2001 to May 2012, 10 primary THAs requiring
reconstruction of the acetabulum with structural bone grafts were
performed in eight patients at our department. All had acetabular
defects Type 1A according to the classiﬁcation by the American
Association of Orthopedic Surgeons (AAOS),16 i.e., segmental de-
ﬁciencies in the periphery of the acetabulum.
Patients comprised one man and sevenwomen. The average age
at the time of the operation was 61.7 years (range: 37e81 years).
The original diagnoses were hip dysplasia (eight hips) and rheu-
matoid arthritis (two hips). Mean follow-up period of the patients
was 5.8 years (range: 2e13 years) (Table 1).
Surgical techniques
All THAs were performed by a single senior surgeon (K.-Y.
Wong) via posterior approach in lateral decubitus position. After
adequate exposure of the acetabulum and identifying the lower
border of themedial wall which is at the transverse ligament, it was
reamed at the centre of the medial wall starting at 44 mm until
2 mm undersize at the best ﬁt anteroposterior diameter. The size of
the segmental acetabular defect was estimated after inserting a
trial cup. In all cases, host acetabular coverage of acetabular com-
ponents was between 50% and 70%.
Structural graft was fashioned from either femoral head auto-
grafts (7) or femoral head allografts (3). The graft was tailored to
best ﬁt the acetabular defect and ﬁxed with two lag screws with or
without washers. The acetabulumwas reamed serially again to the
desired best ﬁt anteroposterior diameter. After ﬁtting the trial cup
to ensure adequate stability and no see-saw instability, a
hydroxyapatite-coated cup was implanted and ﬁxed to the ace-
tabulumwith bone screws (cup diameter range: 48e56 mm, mean:
52 mm).
Prophylactic intravenous antibiotic was started preoperatively
and was continued for two more doses postoperatively. The pa-
tients were instructed to have touch-down weight-bearing for
6 weeks; with weight-bearing being increased gradually. A case
example is shown in Figure 1.
Evaluation methods
All patients were assessed clinically and radiographically by an
observer not involved in the index operation. For clinical assess-
ment, modiﬁed Harris Hip Score (HHS)17 and Visual Analogue Scale
for Pain (VAS) were used. The structural grafts were evaluatedTable 1
Patient demographics.
No. of patients 8
No. of THAs 10
Sex
Male 1
Female 7
Age at time of THA (y)
Mean 61.7
Range 37e81
Diagnoses
Hip dysplasia 8
Rheumatoid arthritis 2
Duration of follow up (y)
Mean 5.8
Range 2e13
THA ¼ total hip arthroplasty.radiographically for incorporation (bridging trabeculae of the
hostegraft interface), fracture, and resorption. Complications such
as loosening, dislocation, infection, and revision arthroplasty were
also recorded.
Statistical analysis was performed using IBM SPSS Statistics
version 22 (IBM Corporation, Armonk, NY, USA). Wilcoxon signed-
rank test was used to analyse differences between pre- and post-
operative HHS and VAS. A p-value < 0.05 was considered statisti-
cally signiﬁcant.
Results
The survival rate of structural grafts was 100%, with either
revision or loosening as the endpoint. All grafts were incorporated
into host acetabula, with bridging trabeculae and disappearance of
the hostegraft interface. No resorption, fracture, dislocation, or
infection occurred.
Signiﬁcant improvements were noted in postoperative VAS and
HHS compared with preoperative assessments. Mean VAS
improved from 9.5 to 3.3 (p¼ 0.005), whereas mean HHS improved
from 32.7 to 73.9 (p ¼ 0.005) (Table 2).
Discussion
In primary THA, causes of acetabular defect include hip
dysplasia, rheumatoid arthritis, infection, and acetabular fracture.
The most common classiﬁcation systems for acetabular defects
include the AAOS classiﬁcation18 (Table 3) and the Paprosky clas-
siﬁcation19 (Table 4).
Reconstruction of acetabulum defect is a surgical challenge. The
goals of reconstruction are to reconstitute acetabular bone stock,
ensure secure ﬁxation of the acetabular component, restore hip
centre, and restore leg length.
The objective of the current study is to evaluate the results of
augmentation of deﬁcient acetabulum using structural bone grafts.
This technique has the advantages of restoring anatomical hip
centre as well as acetabulum bone stock. A classically described
technique19 is to make a “number 7” cut over the medial portion of
a femoral head graft, buttressing the axilla part of the graft against
the ilium and ﬁxing it through its long portion into the ilium with
cancellous screws. An acetabular reamer is then used to remove
excess bone graft to create a hemispherical fossa for acetabular
shell implantation. In our study, similar to several others,9e11 we
used a smaller bone wedge cut from the femoral head to ﬁll the
acetabular defect.
Some early studies have shown good graft survival rates in the
short-term,6 however, less favourable in the long term8,13; such
failure was thought to be due to the larger size of the grafts used.
Jasty and Harris20 and Shinar and Harris13 have demonstrated a
positive correlation between the extent of structural graft cover and
rate of acetabular component loosening.
Various recent studies where smaller grafts were used have
shown high survival rates of grafts. Ito et al11 has reported, with
revision and loosening as end-points, 11-year graft survival rates of
91.6% and 88.9%, respectively. Kim and Kadowako9 reported a 94%
10-year survival ratewithout revision for any reason. De Jong et al10
have shown in their long-term follow-up study the cumulative
survival of grafts at 20 years was 78%. The results of the current
study compare favourably with previous studies, with graft survival
rates of 100% at an average of 5.8 years.
One important technical precaution is that we need to identify
the transverse ligament and medial wall of the acetabulum during
surgical exposure. The advantage of this measure is twofold. Firstly,
the level of the anatomical hip centre can be obtained. Secondly, by
being able to remove any osteophytes or overgrowths on the
Figure 1. Female patient: (A) pelvic anteroposterior radiograph of a 58-year-old female patient showing bilateral dysplastic hip with secondary degenerative changes and
superolateral acetabular defect; (B) intra-operative photo during total hip arthroplasty. There was a 30% segmental acetabular defect over superolateral aspect (dashed line); (C)
femoral head autograft was cut into a wedge shape (dashed line) and ﬁxed onto the acetabular defect using Kirschner wires and then screws; (D) the acetabulumwas reamed to the
desired size. The acetabular shell was implanted and ﬁxed with acetabular screws; (E) postoperative radiograph; and (F) radiograph on ﬁnal follow up.
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bone coverage, therefore avoiding the use of larger bone grafts for
superolateral support.
Choice between allograft and autograft does not appear to have
a signiﬁcant effect on component loosening or revision rate, as
shown by Shinar and Harris.13 In this study, autografts were used in
seven out of 10 cases (70%) while the remainder were allografts
(30%); allografts were used when there was insufﬁcient bone in theautologous femoral head (e.g., avascular necrosis with advanced
collapse) or the bone was too sclerotic.
The longest follow-up case is a lady who was 69 years old at the
time of the index operation. She had Crowe Type I dysplastic left hip
causing secondary osteoarthritis. During THA, the true acetabulum
was identiﬁed above the transverse acetabular ligament and lower
border of the medial wall and was reamed at the centre of medial
wall. The host bone coverage was estimated to be about 70% after
Table 4
Paprosky classiﬁcation of acetabular bone loss.
Type 1 Minimal bone loss, rims and columns intact
Type 2 A. Superior bone loss, rim intact
B. Superolateral bone loss, rim distorted
C. Medial wall destruction
Columns intact and supportive
Type 3 A. Superolateral bone loss
B. Superomedial bone lossColumns not supportive
Table 2
Comparison between preoperative and postoperative clinical assessments.
Preoperative Postoperative p
VAS (SD) 9.5 (±1.08) 3.3 (±2.54) 0.005
HHS (SD) 32.7 (±9.14) 73.9 (±16.94) 0.005
HHS ¼ Harris Hip Score; SD ¼ standard deviation; VAS ¼ Visual Analog Scale for
Pain.
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fashioned from the excised femoral head, ﬁtted to the defect, and
ﬁxed with two screws. The acetabulum was serially reamed to
52 mm diameter. A cementless shell was implanted with line-to-
line ﬁt and ﬁxed with bone screws. The latest radiographs
showed incorporation of the bone graft with no loosening of the
implants.
The latest case is a 70-year-old ladywith a history of rheumatoid
arthritis treated with corticosteroids and diabetes mellitus. She had
Ficat Stage IV avascular necrosis of the left hip with superolateral
acetabular bone defect. The acetabulum was reconstructed using a
similar method to that described in the ﬁrst case. The host bone
coveragewas estimated to be about 70%. A 52-mm cementless shell
was implanted with line-to-line ﬁt. The latest radiographs again
showed incorporation of the bone graft with no loosening of the
implants.
There are various alternative methods of reconstruction re-
ported in the literature. Use of high hip centre1e3 has the advantage
of reduced surgical complexity at the expense of normal hip
biomechanics and bone stock for future revision. Studies have
produced contradictory results regarding the outcomes of high hip
centre, with some reporting high loosening rates1 while others
have produced better results.2,3
The use of jumbo-sized cementless cups has been reported to
have low failure rates in various studies.21e25 A jumbo cup enables a
large area of host bone contact for biological attachment, while
bringing the hip centre to a more anatomical position. Negating the
need for bone grafting reduces surgical complexity; however, the
loss of bone stock cannot be addressed. Furthermore, it is less
suitable for oblong defects. In a recent study, Gustke et al21 has
shown that in 196 jumbo cups used in revision hip arthroplasty,
survivorship was 98% at 4 years and 96% at 16 years.
Larger acetabular defects require the use of reinforcement rings.
The ring provides coverage for cementation of the polyethylene cup
in the anatomical position. This technique can be combined with
structural or impaction bone grafting behind the ring for restora-
tion of bone stock. The ring protects the bone graft frommechanical
stress during osteointegration. In a systematic review of 1541
reinforcement rings by Beckmann et al,26 the loosening rate and
revision rate were 9% and 3.9%, respectively, at mean 5.7 years.
Recently, the development of trabecular metal implants offers a
promising option in acetabular defect reconstruction. Trabecular
metal is highly porous which enables enhanced bone ingrowth. Its
high coefﬁcient of friction provides good initial stability against theTable 3
AAOS classiﬁcation of acetabular bone loss.
Type I A. Peripheral: superior/anterior/posterior
B. Central: medial wall absentSegmental deﬁciency
Type II A. Peripheral: superior/anterior/posterior
B. Central: medial wall presentCavitary deﬁciency
Type III Combined segmental and cavitary deﬁciencies
Combined deﬁciency
Type IV Pelvic discontinuity
Type V Arthrodesis
AAOS ¼ American Association of Orthopedic Surgeons.host bone. An elastic modulus compatible with bone reduces bone
loss by stress shielding. The combination of different augments,
cups, and rings allows reconstruction of acetabular defects of
various sizes and shapes. Beckmann et al26 have found that the use
of trabecular metal components was especially beneﬁcial for
reconstruction of severe acetabular defects when compared with
reinforcement rings (yearly failure odds ratio 0.259 in favour of
trabecular metal).
In summary, there are various techniques for reconstruction of a
deﬁcient acetabulum. These should be chosen judiciously accord-
ing to the defect size, shape and location, as well as the surgeon's
expertise.
Limitations of the current study include small sample size and
retrospective nature. There was no control group or blinding of the
outcome measures. Moreover, only medium-term results were re-
ported in this study. A longer follow-up period is required for better
indication of the longevity of the structural bone grafts.
Conclusion
The current study showed that structural bone grafting for
reconstruction of superolateral acetabular defect in primary THA
yielded favourable clinical and radiographic outcomes during a
mean follow up of 5.8 years.
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